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Definition

K 0l fection 01 '-uernal environment from the harms of fluctuations in external
{nviozinent is termed as homeostasis.”

Homeostasis keeps internal fluctuations in narrow range as compared to wider external
fluctuations with help of various control systems.

Need of Homeostasis

External environment and its components fluctuate continuously. In order to protect
internal environment from the harms of fluctuations, organism has to resist and manage
these changes by making adjustments. Homeostasis keeps internal fluctuations in narrow
range as compared to wider external fluctuations with help of various control system.
Most susceptible components of internal environment that may be affected by
fluctuations in the external environments are

Water

Solutes

Temperature

Nitrogenous wastes as excretory products

Mechanism of Homeostasis

Following three controlling mechanisms of homeostasis

) Osmoregulation
Mechanism of regulation of solute and water level (by gain or loss) between organism
and its environment is called homeostasis.
i) Excretion
Mechanism of removal of nitrogenous wastes outside the body of an organism is called
excretion. _ —
iii)  Thermoregulation — 1Ay (O
Maintenance of internal temperature witiin a _ ~—" ) | A
tolerable range is called therr_noreculctlon 8 L E;H;b;tzng_Homeosta3|s i
Homeostasis at CeIIuIar Level 71 a E\,o'l!_lo.nary Process

level k=ev rlr,chu(tng n ..arrow range as internal environment.

=, (O] areil 1o eswraceittlar environment (outside Homeostasis is the  central
e celeg. environment of vascular and other requirement in the maintenance of

interstitial fluids). an organism, which compels it to
Here in addition to solute and water various | adopt itself in constant changing
essential metabolites, hormones etc. are kept ina | conditions and  contribute in
required range. evolutionary process
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Homeostasis at Organismic Level ,
As cell has to cope fluctuations in extracellular environment, SIr“tlany G u-gan|5| n| ha‘ 0

adapt itself according to fluctuations in extarrial envircriment.

Control system \ ~ AL \
For different homeostatic ‘reguiafic nk dlfferen Culfrd ,ystems have been developed.
These (ivirg ¢ortrol SyEterns Work e/a(t.v on-tse mechanism of physical control system.

Basic Comporierit: of Cdnt rl System
A.cuntro] systent hias three components

i | [ Receotor'-
li)'_| Control center
iii) Effector

) Receptor

Sensor detect temperature change e.g. of increase and signal to control centre for action
of cooling system. Or,
Structures, which are specialized for detection of changes in external environment are
receptors.

i) Control Centre
Central structure, which receives signals from receptors and sends messages to effectors
to respond to changes is control centre.

iii) Effectors
Structures, which respond to changes in environment are called effectors.

Example of Physical Control System
Consider temperature control system as physical control system. Various components

arranged are as follows

i) Sensor (thermometer) monitors temperature changes from a set point and signals to control
centre.

i) Control centre to takes action by switching on heater or cooling unit in response to
change in temperature as compared to set point.

iii) Heater or cooling unit shows effect by increasing or decreasing temperaturn i

Example of Living Control System (in homeostasis) - =2 (A
We consider homeostasis of temperaturd. In living syctem therel ‘._é A ,s_ej. DGt in
temperature regulated (enduthermlc)xamma.s RERIRR RN B

1) Receptors (sensor) detect ten, )€ ratufe » 1a.1go e, ¢ Lan _o due'to'in.‘,re'ase, and send signal
to con: ro;tertr'\ S Y

i) Controi|ceritre, cCt Ly 1ct|vaf|n] ¢eoiing systems

iii) . Gaqiing'sy: sen’ | 0\) /ers-temperature to set point.

I?ole arRegtEck

Detection of change and signaling effector’s response of cooling system is a feedback
mechanism.
Above mentioned example is an inverse effector’s response i.e. cooling response to

heating or warmth sense. Such feedback is termed as negative feedback.
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Control
( 1 systems I

Restrict
Fluctuations in narrow-range

\/.._

—

\ ntiaceliular Anvironment

i N~
| | i, —

1 b . - - S - .
{ |1 Control Extremely narrow fluctuations
k systems Extracellular environment )

\ ('_)rganism‘s internal environment /

Fig. 15.1 Homeostasis Controlling systems lower fluctuations in internal environments
Definition

Mechanism of regulation between organisms and its environment of solute and gain and
loss of water called osmoregulation. Or,

Mechanism of regulation of solute and water level is called osmoregulation.

15.2.1 Water Relations of Cell
In the cell, water is solvent of solute. Each cell has been adapted to a defined quantity of

water in relation to salts to perform its functions. Homeostatic mechanisms generally
maintain this concentration.

15.2.2 Balance of Water and Solute in the Bod

Cells consistently encounter changing extracellular environment.
Different conditions related to it are as follows.
) Hypotonic Environment
If solution in external environment is dilute as compared to cell concentration, it is
termed as hypotonic environment.
Hypotonic environment osmotically causes entry of water into the cell-ani rendeis ife,

cell solutions diluted. Cell becomes turgid and may be harmed.< \ | =4 s
To prevent this situation, cell osmornqulate’ i sn'f tc koep '\/ctel omd s'.lta |Il_kf,=:'a| ice.

i) Hypertonic Environment | =5 /7~ 40 L
More consentrated extcrndl 2NV} ronmont a5 L.(,rnpp.uj (0] ceII concentratlon is called

hypertanic envitopment; | | ™ \
Hypertor ’m ¢ n\,lror rr.'-:n rnndu’ ‘cell solutions concentrated and shrinks the cell due to loss of
=, Watel.

| 'Je.e aiso ceII osmoregulates itself to keep water and salts balance in plants and animal.

When concentration of external environment resembles to internal environment, it is
called isotonic environment.
In isotonic environment, there is no change, so no need of osmoregulation.
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Normal cell Shrunken cell

Turgid
Cell

LTI
I (L IIII:::
,; z-“%m
ol

Hypotonic' 1 Setoric — L | Hyperbilic

. (a) e (¢)

-| #10.15.2 Ressuiizs of 'the CELl tol\varisus lextersig envwonments i.e.
) diffeient concentldtions 6%, bolutien—without any regulation with
| epnirel systen; a cel) mignisiane, cell remains in normal state despite
diffeencls ‘n iis'aternal to external environments.

_ F'T’\'.M regiudtioh in Plants

igssitication of Plants According to Habitat
- Plant habitat changes from aquatic to moderate and then to severely dry terrestrial nature.
According to habitat, plants are classified into three types
Q) Hydrophytes
Definition
Plants living in environment with excess supply of water are called hydrophytes e.g. water
lilly etc.
Adaptations for Osmoregulation
Hydrophytes have following adaptations to remove extra water.

o Surface area of leaves is very large to transpire water excessively.

o Extensive stomata are present on the upper surface facing the atmosphere to promote loss
of water.

Examples

Hydrilla, Chara, Lotus, Water lilly,etc.
(i) Mesophytes
Definition
Plants living in environment with moderate supply of water are called mesophytes e.g.
Brassica, rose, mangoes etc.
Adaptations for Osmoregulation
They show osmoregulation as follows.

o In sufficient supply of water, stomata are kept open to promote loss of excess water.

o In restricted supply of water, stomata remain closed to prevent loss of water.

Examples
Brassica, rose, mango etc. e

(iii)  Xerophytes e ™ R R R

Definition A W N[ (O e
Plants living in an environment vultF Ilm tad SJp’J| cf W.ittl’ nre cal Ieu ,\erophytes e.g.
cactus etc. way / | |

Adaptations for, )srnorenuhum VAV AR TR L R
They have ‘adays tauons TLI’ <fur|r C a\ﬁ-q reduc ".g Toss of water. Some of adaptations are given
below. ! |\

o Maf xero anym hav: amall thICk leaves to limit water loss by reducing surface area

= ) :'."ml,ﬂ_[) yriional 1o the volume.
J | b8 euticle is thick, waxy and leathery.
ah . Stomata are on lower surface of leaves and located in depression.

o Some plants shed their leaves during driest season to restrict transpiration completely e.g.
cacti. In them stem are photosynthetic organs.

o In rainy season, stem stores water for use in dry conditions.
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Examples

Cactus, Euphorbia, Alovera, etc.

Fig. 15.3b A xerophyt plant

I53EA hydrophytlc plant

QUESTIONS RELATED TO ABOVE ARTICLE

Define osmoregulation and describe osmoregulation in plants. (RWP 2021)
15.2.4 Osmoregulation in Animals

Animal cells require more critical balance of water and solutes in the body as they cannot
survive with a net water gain or loss. Water continuously enters and leaves the cells.
However the quantity of water and solutes is kept in balance.

Approaches to Osmoregulation in Animals

(i)

(i)

There are two approaches in maintaining balance of water and solute.

Osmoconformers

Animals that do not require adjustment of internal osmotic state are called
osmoconformers.

In these animals, body fluids are kept isotonic to the external environment e.g. fishes of
marine saltwater environment.

Osmoregulators

Animals whose body fluid concentrations differ noticeably with outside environment
actively regulate to discharge the excess water in hypotonic and excrete salt in hypertonic
are called osmoregulators.

These animals discharge excess water in hypotonic conditions.

They excrete salts in hypertonic conditions.

15.2.5 Osmoregulation in Different Environments
Osmoregulation has enabled the animals and plants to distribute themselves in wide range
of habitats. Osmoregulation by animals in different environments is brmfly d(j;dll‘»gw W

below. — [ ]~ ) L1931
1) Osmoregulation in Marine Environment— f,-'ﬂ:__'“h N ,-*’ 3\ .:_ \ =
. Most marine invertebrates are osmdcinf rmer; ARRIBER | ™
o Among vertebrates, variety: ig) pres :qt \Soriel ol ﬁe exar! mle, dre! deucubed below.
) Hagflshm al 2 isotnnie w.fh the suirr )Uh:{lrmAea vvatei”
i) Most Le*fllammou: fu§i‘ es, mc'mt&q Itwer-internal salt concentration than that of sea
water. ] hblr Ki (,névc aie :nvc' ‘ed In osmoregulation. They excrete salts through gills and
xn;cJ« J0S; ,e<s scIL %cmmg organs such as rectal glands. Excretion of salts is by active
T\ -\._‘-‘| s bt

'll}"‘-\.

oome fishes have low salt concentration and thus live in hypertonic sea water. To prevent
excess entry of salty water in body, they retain urea in body fluids in form of
trimethylamine oxide for protection against toxicity of urea.

Y
J— -H."".
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iv)

Some of the bony fishes, which live in marine water lose water from their hypotonic body

fluids to hypertonic environment. They drink large amount of sea water. and excreie™, | | |

concentrated urine resulting in maximum salt excretion and mipi muri “v!ﬂtel ICss. |

L) —|_ —_— 8 e & =7
3Dy
Pasil cg..golh der
Passive loss of water Do~ A ac|oss Ty surface

through gills Ay Fan LY A Jard through gills

Does not
dink
Salts actively Large amount of
Salts actively Scanty amount of isotonic taken up by gills  hypotonic urine
excreted by gills urine contains some salts contains little salts
(a) Marine fish (b) Fresh water Fish

Fig. 15.4 Osmoregulation in: (a) Marine fish (b) Fresh water fish

2)

Osmoregulation in Fresh Water Environment

Fresh water animals are constantly facing the osmotic flooding of body fluids and loss of
salts. Mechanism of osmoregulation in different fresh water animals is as follows
Freshwater protozoa, amoeba and paramecium pump out excess water by structure
contractile vacuoles.

Many freshwater animals including fishes remove excess water by producing large
volume of very dilute urine.

Loss of salt in such animals is compensated by using salt containing food and active
uptake of salts by gills and skin.

Osmoregulation in Terrestrial Environment

The evaporative loss of water leading to dehydration is the major problem for terrestrial
life. Arthropods and vertebrates have successfully adopted to terrestrial mode of life.
Different adaptations in terrestrial animals for osmoregulation are

Terrestrial animals are covered either by waxy exoskeleton (insects) or multi- Iayered

dead keratinized skin cells (vertebrate), which prevent loss of water. . =, ~=/ ™ (Y

Drinking and eating moist foods compensate the loss of water. <, | ;'H,L: i T L_ o’
These animals have metabolic and.tshavicur'al. ;iajtctuona AN =

Some desert animals feed o1 seeds=* desert plants (,ortdlr.mq rnors uarbohydrate which
produce water of metaholism'e/g,/kangrad 1at., :hey anrvive withcut drinking water.
Terresirial| arimas, i“eahsu) P{OKRfII ered iater through kidney during excretion and
produce, cnlwcen*ra'rei urine’ |\

Thesa aniralt \can' tolerate dehydration and it differs in various animals. This

"._"||r'it< creristic s known as anhydrobiosis.

QUESTIONS RELATED TO ABOVE ARTICLE

Describe osmoregulation in marine and fresh water animals.

Describe osmoregulation in animals

Describe osmoregulation in the animals of marine environment. (GRW 2021)
How osmoregulation occurs in fresh water and terrestrial environment. (FSD 2021)

6
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Give osmoregulators adaptation in terrestrial animals. (GRW 2022, RWP 2022)
Discuss the osmoregulators strategies in the animal of terrestrial envircnment.. :
I (SG2[2022)

S EXCRETIONA e N N 4 0 O ]

Definition
Elimination of wasteful mata olites mainly of altrd gencus rature ig called excretion.

It is one-07 e essentiaipranerties of Lifa. '

15.3.1 Excretlasin Parys AN
Plants l:ke ¢thai living thinas-2iso undergo excretion as it is essential property of life.

Wastes #riflucadiin Rlarts

. Difierantwastes produced in plants are

(1) ©Oxygen, which is produced as a waste product of photosynthesis and removed through
stomata.

(i)  Carbon dioxide, which is produced as a waste product of respiration and removed
through stomata and water as a waste product.

(iii)  Water produced as a metabolite during respiration is either used by plant or transpired.

(iv)  Nitrogenous and other wastes, which are either stored or removed.

Storage of Wastes Product and Excretion
Wastes can be stored in different plant parts. Some examples are given below.

Q) Vacuole
Large vacuoles store different wastes. When these wastes increase in greater
concentration, it leads to crystal formation in vacuole.

i) Leaves
Certain plant organs also store certain wastes of organic and inorganic nature. Leaves are
the most prominent organs for this purpose
Different wastes are accumulated in leaves. With time colour of these leaves changes to
yellow and finally they fall off during autumn taking wastes with them.

According to an explanation, yellowing of leaves is not due to removal of chlorophyll but
due to accumulation of pigmented compounds prior to falling off. Yellowing is mainly
due to toxic materials like heavy metals.

The falling of yellow leaves in autumn is the seasonal time for the plants to get rid of
accumulated wastes and because of this reason leaves are said to be excretophore.

ii)  Branches and Trunk _ —
Some trees deposit strange chemicals in their branches and trunks esgeiiathy 1 oli Xy erp:'
which is no longer used for water transpgsi €.g. in_ehssy, which! plogusss ety biack
wood in the centre. They are consi; je. ed W te_ i ré.f.eriats_by. plarit physloienisis:

iv)  Excretion in Soil ' : ARy

Some nla ity activelv-ceciete, waste |¢orapaunGs_| rie' Soil comrinonly using them as
chemicéal/weanori agai it ctherrcor '-*tru_,, nlAITiS e.g. conifers.
hhiﬂ[ﬁter \TED TO ABOVE ARTICLE
~, \Whalt is excretibn? fHow do plants excrete their wastes?
43 &e & eccount of excretion in plants. (GRW 2017, LHR 2018, DGK 2019)
piscuss excretion in plants. (Exercise Question vi)

15. 3 2 Excretion in Animals
Excretory Products in Animals
Different excretory products of animals are
)] Water, which is excretory product of animals living in hyperosmotic environment.
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i) Salts, which are excretory products of animals living in hypertonic environment. §

iii) Nitrogenous wastes, which are main excretory products produced by breaksewn of amipa™ |
acids and nitrogenous bases or nitrogenous waste metabohtev r‘onsm'ue the e&‘reva
product. f . : [

Formation of Nitrogenous Wastes, AERIER
Nltrogenous wastes are mur* iy pndur ed 0_‘./ the 'catehclism/ ¢f amino acids by
deaminasién. v g
“Deam:=ation 'is wc“anII )i aminG.aroup (- NH2) from amino acids.” This amino group
cannot be stored or rausel o recycllng of amino acids.

5 aminG| greusas dissolved in water and excreted in form of ammonia to avoid toxic

u s&-in plasma or transferred to another molecule for removal or reuse.

" ypes of Nitrogenous Wastes
Nitrogenous wastes are mainly produced by catabolism of proteins, purines and
pyrimidine bases present in nucleic acids.

o Nitrogen produced from amino acids is excreted mostly as ammonia, urea or uric acid
and very small quantities as creatinine, creatine or trimethylamine oxide.
o Metabolism of purine and pyrimidine bases mostly produces significant amount of

nitrogenous wastes of hypoxanthine, xanthine, uric acid, allantoin, urea and ammonia.
Excess — Ammonia, Urea, Uric Acid

Proteins

Low Quantity — Creatine, Creatinine, Trimethylamine Oxide
Excess Quantity — Ammonia, Urea, Uric Acid.

Nitrogenous Bases
(Purines & Pyrimidine)
Low Quantity — Hypoxanthine, Xanthine, Allantoin
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I Proteins ] I Nucleic acids I ]
I
I Amino acids ] I Nitrogenous basesl _ i |
1
-~ NH2 i

| f 1&1‘ %

A guais'animals,

Mammals, most amphibians,

| B i -l 1Wihg many fishes

sharks, some bony fishes

Birds, insects, many
reptiles, land snails

1

5 b

NH2 11
— C
NHa o=cC I N\
S HN C C==0
NH2 ('3 (':' -
e e e ¥
o H
H
I Ammonia I l Urea I I Uric acid
Fia.15.5. Main types of excretory products in animals

Harmfulness of Nitrogenous Wastes

Elevated levels of nitrogenous wastes in body can cause convulsions, coma and eventually

death.

15.3.3 Nature of Excretory Products in Relation to Habitats
There are three main nitrogenous wastes, which are produced and excreted according to
habitat. These are ammonia, urea and uric acid.

. Name in
Habitat Water Nitrogenous Toxicity Amount of respectto | Examples
supply waste water/1g N
waste
. . . Most . Hydra,
Aquatic | Maximum | Ammonia . 500ml/1gN | Ammonotelic .
toxic planaria
Terrestrial | Moderate Urea M?(;jfir:te 50ml/1gN Ureotelic Human |
- e =l |
. .. . . - Reallea B
Terrestrial | Minimum Uricacid | Less toxic lmlllgN ) \Uslqotels 1k A

Ureotely and uricotely are evo utconarv ajapaat or's, in \ni I’OCJenJU::' wastes These

organisms have also undemone aoa 'JthOI"b in theil.ekcre oty gul'.ICh.IrhS
In urene:y dmm(:.ua 1S, migiabolie Irv wcn\/erfeﬂ ifio urea by urea cycle.

mﬁiﬂ'ﬂ]‘; D TO ABOVE ARTICLE

Howis ¢ orqcert -aicn- bf'excretory products mainlined? Explain.

(MTN 2022)

s IPEstlgs
association of water availability.

natlive of excretory products in animal to various habitats, specifically in

(Exercise Question i)

| 154 EXCRETION IN REPRESENTATIVE ANIMALS

15.4.1 Excretion in Hydra

Hydra, a cnidarian does not have specialized excretory structure. In it waste products
simply diffuse into the isosmotic surroundings.




N

|
L

Chapter—15 Homeostasis

15.4.2 Excretion in Planaria

Introduction —

Excretory Substance g

Planaria is a flatworm and belongs to phylum platyhelmlnthes ~ [ [~

,_-_|..-

| " ) 1 L '.:__.-\. 1
They usually excrete amma2nia as r\l"l‘OOﬁ-‘..JU‘ v tq. &_—r:_as;JV\:atr.fr ilat vorins excrete very
dilute urine. The parasmc flative rins, wlum e .Jq,tm(c {0 nost.environment actively
dispost of niveg |IOu°1’\Ia’l‘ P VA TR A W’ D

%,

Excretory Strucmre and Their - nn,tlunlng

Plargria) and | ot_1er ‘fiatworms have simple tubular excretory system called
:_',‘Iil"O'tf_ nEsnyidium.
A pfotonephridium is a network of closed tubules without internal openings.

Different structural components of a protonephridium are as follows
Tubular system spreads throughout the body.
Branches of tubular system are capped by a cellular setup termed as flame cells.
Each flame cell has tuft of cilia, whose beating propels interstitial fluid into tubular
system (The beating of cilia look like flickering flame, therefore these cells are called
flame cells).
Tubular system is drained into excretory ducts.
Excretory ducts open to the exterior through several nephridiopores.

Flagpe cells Nugleus
N
i Cytoplasm
< ‘L_ il - Cilia ("flame™)
Protonephridial A R
S Movement of
interstitial

Nephridiopores fluid

Excretory
duct
(¢) Single flame cell

Excretory
duct

§ 2 . e N AL
(a) Planaria (b) Portion of excretory organ__. * L~y [0 4w 1
é A P '.-"'.. 1-:". ..'\-\. | ll .-". Y ! .."'.L_-%L
- \ '_\lx b | |. L .-'.--_._-_ g
Fig. 15, 7 Ex re.or\( :,ste‘m m ’Icmrra \ N | T
15.4.3 Excretion in,Earthworm SRS L AN e
.'- 'H.: .. -', .--\.\.-" T, - 1) Il_ Ll '._ II_ '.\_. . .--._ e
IntrOdUCt|0n '—"' .' 1 ra "-. : H“' Collecting tubule Caplllary network
\ :
Earthwurrn .|s @ seg'nen ecr vgrm and belongs Bladder \
to nhylum ¢ r nHi . It Tives in moist soil. o

NN

Excretory Structures

|
\lletﬂl'yf roducts
Earthworm usually excretes nitrogenous wastes

»

-
mostly in form of urea and some in form of (
ammonia. Ny

Nephridiostome

Nephridiopore

Fig. 15.8 Excretory system in Earthworm
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i)

i)

J I‘. '.i

Excretory structures are called as metanephridia. Each segment of earthworm has a pair
of metanephridia. . -
Different components of a metanephridium are _ .

Nephrostome, which is internal Ciliated! oD, nu ummer»ed '.n (oe'nnm ’rIU|d and
enveloped by network of capillasis:, ' [

Tubul@gart corv::sf.nq ol cdlcrtmg wbd.t‘s aric-biadder surrounded by a network of
capillarics, -

Neiiridiopniie thi ouqr W m,n nephrldlum opens to the outside.

14,

irc [1anisr cim=sacretion

Nephrostome collects coelomic fluid. As fluid moves along the tubule, epithelium
reabsorbs the salts from lumen and send to blood vessels surrounding the nephridium.
The left over appears as urine containing nitrogenous wastes and excreted out through
nephridiopore.

15.4.4 Excretion in Cockroach
Introduction

Cockroach is an insect belonging to phylum arthropoda.

Excretory Products
They mostly excrete nitrogenous wastes in
form of uric acid.

Excretory Structures
Cockroach and other insects have excretory

Insects are the only group of animals,
which eliminate excretory waste with
feces, in all other animals there is no
structural and functional relationship

structures, which are adopted to collect
excretory products from hemolymph in sinuses
through suspended tubular structures called malpighian tubules.

These malpighian tubules are associated with digestive tract through which nitrogenous
wastes are excreted. Thus in them excretory and nutritive systems are interrelated.

between nutritive and excretory

Digestive tract

ol
-
— ._—_4: 1
==

N ~Rectuin
- \Intestlnef ﬂ dgut

gJJ,v

! iidgut
(stomach)
Fig. 15.9 Excretory system in insect

Malpighian
tubules

Mechanism of Excretion

Malpighian tubules remove nitrogenous waste from hemolymph. The epithelial lining of
the tubules transports solutes including salts and nitrogenous wastes from hemolymph

11
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into tubule lumen. Fluid then passes to hind gut into the rectum. Rectum reabsorbs most
of the salts and water, thus nitrogenous wastes are excreted as solid excrsta, in thp form
of uric acid crystals alongwith feces. [

This kind of adaptation in excretion is the sutcess of arirals ¢ Iand Wi ith-dcufesronage

of water.
t QUESTIONIREEAKEDTD HERYEARTIGL

Descrite, the excretlon iy, (Cogkioarh) Alsu dravi~abelled diagram.

(LHR 2019, SGD 2019)
Give ary accourit ¢f Excieticain Planaria (SWL 2019, MTN 2019)
r_> ml in thﬁ nrorsss of excretion in Earthworm with labelled diagram.

AN (GRW 2019, MTN 2019)
J [ % |:xp|a|n excretion in Cockroach with diagram. (SWL 2022)
Account the excretory system in Earthworm. (Exercise Question ii)

15.5 EXCRETION IN VERTEBRATES

o The invertebrate chordate (ancestors of vertebrates) have segmentally arranged excretory
structures throughout the body like metanephridia in earthworm.

o Primitive vertebrate hagfishes have kidneys with segmentally arranged tubules.

o In present day vertebrates, kidneys contain numerous tubules (not arranged segmentally),
closely associated with dense network of capillaries.
The basic structural and functional unit of kidney is nephron.

15.5.1 Excretion in Human

Common Wastes Produced
Wastes are primarily generated at metabolic level and are called metabolic wastes.
Different metabolic wastes are described below.

1 Urea Produced from the metabolism of amino acids

2 Creatinine Produced from the muscle creatine.

3 Uric acid Produced from nucleic acids

4 Bilirubin End products of haemoglobin breakdown and | -
metabolites of various hormonP\, i

5 Pesticides, drugs and food additives | Ingested into the.bacy, | "2 | |1

6 Other toxins — Pro_m_Jrgi v rg 'I_i ) gy_@v_nnﬂ" Jstes Steu M

Liver a1d lld wy alo hc' or: mary sirdictures for eliminating waste products. Skin is also
irgiized.ing exc*et!_c_n 4t is not considered as an excretory organ. Removal of salts and water
el _ iy if.'_‘_a sveat glands and of sebum by sebaceous glands occurs through skin and seems to be
J | S éxcretory in nature. But the removal of water and salts from sweat glands is for purpose of
thermoregulation and sebum on skin is for protection against microorganisms.
LIVER
Introduction

12
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Liver is the central station of metabolism and consequently body’s central metabolic clearing
house. Liver is involved in homeostasis with interacting other body organ systeiss., -

Functions of Liver AN N

1)

Major functions of liver and their rcic;tior_l_s'_'vi.‘h_ YIecsiasys are 'des'cnbed"hfeiovv.
Synthesis AT\ AP RINRE
Nitrog: mus Wastes .
It produices arhinchia, qrea and'uiic-zciu from the nitrogen of amino acids.
Urex is the! prmcmal excretory products and liver forms it from waste nitrogen. The
nr'era_ami':u-patﬁway involved in the production of urea is termed as urea cycle.
Two ammonia and one carbon dioxide molecules are shunted into the cycle to generate
one molecule of urea.

2NH; + CO, ——» CO(NH2)2 + H,0
One ammonia molecule combines with carbon dioxide and already available precursor
from previous cycle i.e. ornithine to form citrulline. Subsequently another ammonia
combines to form arginine. The arginine is split by arginase to form urea and the
precursor ornithine for next cycle.
In this way liver supports the excretory role of kidney.

Ammonia + CO

’ Ammonia
Citrulline : Second nitrogen of urea

Uren Cycle Argininosuccinate

Ornithine

Arginase Arginine

Urea

Fig. 15.6 Metabolic pathways in urea cycle

l'\-\.

Plasma Proteins = [[~= 1\ A
It is involved in synthesis of plasma proteing e.q. putnro"..bn* flercge ,aL';L.n"'ni etc.
These are also involved inginod ci mnq drld rwr.rename of ! psmm.c balance of blood.
Bile ’

Itis al: o knvol\ “"ln pwdw |o oﬂgle V\,leh cmulsmes fats in small intestine.

Lipids,’ Cnnlememl & L|p3pmte|ns

vl s Tnvichved it Synthe5|s of lipids, cholesterol and lipoproteins, which regulate blood

-}ll-lu_r_ i$ty; store energy and help to maintain cell membrane.

Storage

It stores iron, which is required for oxygenation of tissues as constituent of hemoglobin.
It stores glycogen, which acts as energy source.

Conversion

13
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4)

5)

It is involved in conversion of excess glucose and lactic acid into glycogen and also
conversion of stored glycogen to glucose for energy storage and use.
Recycling !
Breakdown of old and worn out RBGz takes'nlece-in fiver ar"-.j 1i1fé 'nnt (onté.'.r° a0 récyéled
e.g. iron and similarly otherfccnstitue=s of hamaglonir, and o.cyfenatinn of tissues.
Detoxification / -
Liver Cetoxifics Many mrnf il ‘hernual Bl mtrogenous wastes, food additives, pesticides,
drugs ete aid assist krjn?y initoxin cusposal.
(;_cr\erslor". nflarsmonia into urea is also an example of detoxification. Urea is thus
L’J‘eﬁ‘.:ified form of ammonia in urea cycle and can be retained in blood in greater amounts
than ammonia. It requires 1/10 quantity of water for removal as compared to ammonia.
QUESTIONS RELATED TO ABOVE ARTICLE

1%,

Give the homeostatic roles of liver in the form of a table. (LHR 2021)
Explain the Urea cycle in detail. (MTN 2021)
Give the role of liver as an excretory organ. Discuss its homeostatic function.

(DGK 2022)
Give four major homeostatic functions of liver. (LHR 2018, LHR 2022)
Highlight the role of liver as an excretory organ. (Exercise Question iii)

15.5.3 Urinary System

System concerned with formation of urine and its removal outside the body is called urinary
system.
It consists of two major components

1) Kidneys
2) Associated tubules

1)

Kidneys

There is one pair of kidneys in humans.

Each kidney consists of about a million of functional units, nephrons.
Kidneys or nephrons receive blood from renal artery and pour in renal vein.
On cut section, two regions are distinct i.e. outer cortex and inner medulla.
Weight of both kidneys is about 1% of total body weight.
They receive 20% of blood supplied with each cardiac beat. ™
Central cavity of kidney is pelvis, which stores\utine, 1 Sl LS e

-

= 1 v | 1
b - 3 ! | .." 5 .I .-
1 A | — ' L i
DA Y Lo
! L 1 L1 |1 i} h :
1 i \
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Renal pyramids (medulla) ey
s NP, o o AR A R
NS (A -
comx # '\-\.Hl I| I_.--' l_:l-.. 1 _.._.-H.-\._ .
R
..--..l .II' i | i \h' 7 1 L
\ | Reval Eilns ~
VNN * Renal arte
. k]l W W
,
Renal vein
=
Ureter -
. y*
Fia. 15.11. The structure of a kidnev
Functions
a) Major function of kidney is filtration of blood and further processing into urine.
b) It is also involved in osmoregulation.
i) Associated Tubules
o Ureter emerges from each kidney, which carries urine to urinary bladder.
o Both ureter open into urinary bladder through ureteral orifices. Urinary bladder stores
urine for some time.
o Urinary bladder empties through a tube called urethra near vagina in females or through
penis in males. —
Sphincter muscles near the junction of the urethra and bladder control the urine. A0
Admnlgln_nd - -I:\.\.-_.,.-' . I,-"-; _.': |:'. "'\-.:: \ll'lll '.I. .I-'I 1
BN TR ALY,
tapen) \‘hl |I |'£ {.-::ﬂ I_,': ~—
Right reaal vein - - . T
Renal pelvis —"l_'-: - | I|I
’ r---'. ferlor v eavs, VB I o
OV =
\ ',l |1 I'. -,IL'rz'.‘lm'-: un'licell —-t'II
A | I". I". '.I ! _I_'. I Nl :mnuen
al J \_\.‘ -._.. |~':'. y |l i} -I_ Conca
- ™, {‘\1'1 b | A A" bladder
QN NN |
W Urethra
External
i wrethral orifice
Fig 15.10 Human urinary system
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NEPHRON

Definition .
Nephrons or urinary tubule is structural and functional unlt of Kidney. . é

Types LAY B

. Nephrons arranged along the cortex are calif-\d as (0|t|( al r ephrorn 4

. Nephrons arranged along th bf"‘”"cl of zorex, ana medulla are cc.IIed juxtamedullary
nephrons.

Juxtaniedullary: nvon ("r s cr= sr\ec?.fu aI y l,nyfj.ved In productlon of concentrated urine.
Structure i . _

i l11n~l ety -pt-lr

Clomerulus PFroximal tubule

. } g I\tl'cnu t arteriole
| - from renal
- artery

Peritubulay
capillaries

Efferent arterio
from glomerulus
Distal tubule

Braach of

renal vein l 4

‘ T [_(.'ollcc\'lnn

duct

Loop timb >

Fig 15.12. A nephron with vascular supply

Different structural components of a nephron are as follows

)} Bowman’s capsule is cup-shaped swelling and inner end of nephron.

i) Glomerulus is a ball of capillaries in Bowman’s capsule. It receives blood from afferent
arterioles. Blood leaves the glomerulus by efferent arterioles.

iii) Peritubular capillaries is network of blood capillaries around tubular part of nephron
intermingle with proximal and distal tubules of nephron.

iv) Tubular part of nephron starts after Bowman’s capsule and consists of proximal tubule,
loop of Henle and the distal tubule.

V) Vasa recta is a loop of vessels (additional capillaries at U-shaped part of juxtamedullary

nephron).

Functioning of Nephron . é y Y \{
Three major processes are mvolved |n funct .x_ning of _n_e;::won:-._' _ "._' | s ot

1) Filtration ) | \ VA A
Blood passing through g! omerl 55 “is /il Lcred 1n 0 B) vrhah’s c1p->ule This filtration
occurs Aue it two reaqu..v.'-, WL

]

i) Walls o‘ﬂion:erul are\perpuss \ _
i) Blood pre~ Sure, ind reasas cai Jeing filtration pressure.

] friitrete cppeanm in 'giomerulus is called glomerular filtrate. It contains numerous useful
| ' JlaSlafees such as glucose, amino acids, salts etc. in aqueous solution,

-"'-Z) Reabsorptlon

All the useful constituents of the glomerular filtrate are reabsorbed in proximal tubules
and when filtrate leaves proximal tubules, it mostly contains nitrogenous wastes.
3) Secretion

16
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Tubular epithelium also secretes substances into lumen by selective process containing
mostly hydrogen ions to balance pH value of filtrate and passing through.t=2-tubules.
Give the structure and function of Neph¥oiy in husman K-'*neyq | |
_ 5 (SWL2C 1&, KW)P 2619, SGD 2021)
Explain the structure of r’ephr on. / (LHR 2021)
ExplaiiTsiructure-cfthe niparcen withi help.of diagram.
. (GRW 2021, FSD 2022, DGK 2019)

Draw ar.d Jescribeithe str: iciure of nephron Also, discuss blood supply of hephron.
(BWP 2022)

i_Jr S Iabeled diagram of a vertebrate nephron with all blood supply. State the function of each p

(| i' 5% Concentration of Excretory Products

In restricted supply of water, the conservation of water is the principal function of the
body. This is done by concentration of the filtrate by counter current and hormonal
mechanism.

Counter-Current Multiplier

As we move from cortical to medullary part, interstitial fluid of kidney is gradually
concentrated.

First there is osmotic outflow of water from the filtrate to interstitial fluid of kidney and
then to blood as it passes through descending part of loop of Henle.

Then ascending part of loop of Henle actively transports Na* ions into kidney interstitium
to sustain its high concentration.

This high concentration finally causes reabsorption of water from collecting ducts. At the
end urine is converted into concentrated (hypertonic) form.

Hormonal Mechanism Gradually increasing .
i i i osmotic concentration from
Two hormones are important in this context. CoHEx 10 i adiulla io &

Aldosterone, secreted by adrenal cortex, promotes active uptake | main factor for the

of sodium in ascending loop of Henle. P onGonirmtet e o
ADH (Antidiuretic hormone), secreted by posterior pituitary | mammals inc?uding human.
lobe, controls reabsorption of water in collecting tubules back to

kidney.

FOR YOUR UNDERSTANDING -

If there is increased supply of water to body, then there is d“'“reas*cH sucratich{of [\
ADH and decreased reabsorption of watey- _xtra wate:is exel “ted out, 'tnu ug'r’ e [T
and thus urine becomes diluted.

If there is reduced supply; of wate¥w hocy then | he relit mCteaSef s>cret|on of ADH
and increaged reabsornticn of ' w alnr Amoum of wrre. i1 urine becomes less and it
beco: ne>1301 VnraLed

%ﬁ‘iﬁﬁ

-, Discuss f‘(Lm:\ L Current Multiplier with reference to concentration of excretory

(BWP 2021)

Mammalian kidney including human is adapted to consume water by over 99.5%
reabsorption of glomerular filtrate. Production of various concentrations of urine
depending on availability of water shows that kidney functions as an osmoregulatory
organ along its excretory role of nitrogenous wastes.
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15.5.6 Kidney Problems and Cures

Kidney problems may be due to different factors originating within Kidaey or o uteiiia
kidney. Some of the kidney problems are described below. -

1) Kidney Stones | YN

Stony materials found at levsl of ki drey ard coliea kidriey stones.

Cause
These are mcstly formeu-inimetaholic Niseases.

Types
Kidney stc rigsiare classifiec ¢ribase of specific chemical nature. There are three types i.e.

)} Celcium'phiospaete' stone

liYs) | % &alcluix uxalate stone

i)~ Uric acid stone

)} Calcium Phosphate Stone
Its major cause is hypercalcemia i.e. high level of circulating calcium in blood because of
other diseases.

o Its incidence is about 15%.
i) Calcium Oxalate Stone
o Its major cause is hyperoxaluria i.e. higher oxalate level in blood. Oxalates are present in

green vegetables and tomatoes, so may be the source of hyperoxaluria.
o Its incidence is about 70%.
i) Uric Acid Stone
o Its major cause in increased uric acid level.
o Its incidence is 10%.

Type of stone

Calcium oxalate 20% Hyperoxaluria (higher blood level of oxalates present in
green vegetable & tomatoes)

Calcium phosphate 15% Hypercalcemia

Uric acid 10% Increased uric acid level

Mechanism of Formation
Due to increased level, these salts are precipitated out during urine formation and
accumulate later to form stone.
Complications :
These stones mostly cause urinary obstruction and are further compllr‘"t il hy mfecvc \s. )
Cure [ | -
i) Kidney stones can be removed by kidney surgﬂr‘ AN aR LR AN
i) Lithotripsy is commonly useil now'#dayTar, non-s: Jrqlcaﬂ rcmpval (f <|dney stone.

= . L LT, 1 11
1 R W i
L i . | %,
1 i
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Fig. 15.13 The kidney stones Stone of phosphates are formed
and tranoed in the pelvis area.

Lithotripsy
It is the technique used to break up stones (in kidney, ureter or gall bladder) by using
radiations used for non-surgical removal of kidney stones.

Extracorporeal Shock Wave Lithotripsy
Out of several ways, it is most common.
High concentrations of X-rays or ultrasound are directed from a machine outside the
body to the stone inside. The shock waves break the stone in tiny pieces or into sand,
which are passed out of the body in urine.

2) Renal Failure
Definition

Inability of kidneys to perform their functions is called renal failure.
Cause

Major cause is destruction of nephron, particularly its glomerular part, due to various
pathological or chemical factors.

Complications
There is an increased plasma level of urea and other nitrogenous wastes in plasma. Rise
in urea causes complications of increase in blood pressure, anemia etc.

Cure

A) Dialysis (e
Dialysis is simply cleaning. It is done to rerove nitregeiious, ”waﬁt'e -J?*Ftbf,ylar', fnaf-'
conditions of chronic renal fallure vvﬁere fmcumn 01 klti nel Wi Insmomp.f‘*”i’g/

Types of Dialysis =\ | ARPRIBR=N N
There are twp types of-& alysr ,J ' o
i) Hemodizysis - " (7 |} :_“x\' | S
ii) Peritongal GlaW»IS AR
i) H:=r!13d|aly<1s AW
L| At'atcany “eleaning of blood’.

In this procedure, blood is circulated through a machine, which contains a dialyzer or
artificial kidney. Dialyzer has two spaces separated by thin membrane.
Blood passes from one side of the membrane and dialysis fluid on the other side.

The wastes and excess water pass from the blood through the membrane into the dialysis
fluid.

19
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i) Peritoneal Dialysis
Dialysis through peritoneal cavity (lined by thin epithelium called peritoreum) is cal':u

peritoneal dialysis. ) 14
Mechanism ' '
o Peritoneal cavity is filled with dialysis fluic, thasenter the kody *h.ouon Latneleu
o Excess water and wastes past; throtig thé ceritonelny into the dialysis' fluid.

B) Kidney Transplant
Dialys's is\a lemnarar-meesure. tn idh: deorec renal failure such as uremia or end- -stage
renal diseare, (liafysis hasirio value'and option left as the permanent treatment is only
surgical\trérisplantation of 2 riatching kidney.
A IONS RELATED TO ABOVE ARTICLE
e 1ile'2'10te on kidney problems and its curses. (MTN 2021)
piscuss kidney problems and cures. Exercise Question vii
156 THERMOREGULATION
Regulation of temperature is called thermoregulation.

Different adaptations in plants to low and high temperature are as follows.

1) High Temperature

Harmful Effects of High Temperature

)} It denatures enzymes.

i) It damages metabolism.

iii) It causes water deficiency resulting in closing of stomata.

Adaptations in Plants to High Temperature
Most plants have adapted to survived under heat stress at temperature of 40°C and above
temperature by different adaptations.

)} They use evaporative cooling.

i) Cells of these plants synthesize large quantities of special proteins called heat-shock
proteins. These proteins embrace enzymes and other proteins and thus help to prevent
denaturation.

2) Low Temperature

Harmful Effects of Low Temperature

)} Lipids of membrane become locked into crystalline structure.

i) Structure of membrane protein is affected.

iii) Fluidity of cell membrane is altered.

iv) Changes in membrane structure affect transport of solutes.

V) Freezing temperature causes ice crystal formation. If ice forms around cell wall, it has nn_ -
bad effect. If ice crystal within protoplasm perforates membrane and o1y dnen.es iti°a 8BS |
killing of cell. _ —_—n A N

Adaptations in Plants to Low Temperature | v ' [ “ad
Plants protect themselves frem cold stress 7y m!lowLng adontatnns _

1) Plants respond to cold stress| by n.:na:ng propoitinn\cf untaiurdted fatty acids, which

help memirane to maimain strlciurs at\lowsiemperatire by preventing crystal formation.
This adsitation rf‘quwes me«'ﬁms razid chilling of plants is more stressful, than
gradual drﬂ in Al temoeraiure.
i) Plariis natiye to! 01 celd region (oaks, maples, roses) have adaptations to change solute
= [ gerapesition i cells. These change cause cytosol to super cool without ice formation

NI .’-ﬂthaugn ice crystals may be formed in cell walls.
A QUESTIONS RELATED TO ABOVE ARTICLE

Describe adaptations for thermoregulation in plants. (LHR 2019)
Describe adaptations in Plants to low and high temperature.
(BWP, FSD 2019, FSD 2021)
15.6.2 Thermoregulation in Animals
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Body Heat
Temperature of an animal depends upon the rate of change of body hezt. This rhar.ue
depends upon ; &

)] Rate of heat production through metabolrc 5IDCESSES. - [ |

i) Rate of external heat gain
iii) Rate of heat loss : -
This transfer of heat betaeen an animal'and | Is el wircisient is done IN NUMerous ways.
Heat Gain : -
Heat is ‘mdsty, vained throuq*t

)] Infrared thetmal radiation
tiy, | o irect andrenected sunlight transfer heat into the animal
el Linss™
~ Heat is mostly lost through;
1) Radiation

i) Evaporation transfer heat out to environment
Temperature Classification of Animals
Animals show variations in temperature due to environment.
Classification
We classify animals into two ways in relation to heat and body temperature.
A) According to variation in environmental Temperature
We classify animals into two types on base of their body temperature and its relation with
environment.
1) Poikilotherms
Animals whose body temperature tends to fluctuate more or less with the changes in
ambient temperature (air or water) is change called poikilotherms.
Examples
All invertebrates, amphibians and reptiles, fish.
2) Homeotherms
Animals which maintain their body temperature exposed to changing air or water
temperature are called homeotherms.
Examples
Birds and mammals.
Difficulties with above classification
By using above classification, several difficulties arise.

Q) Deep sea fishes (poikilotherms) maintain their body temperature due tg rorrtant n:arrar- W

surroundings. [ |
(i) Similarly lizards (poikilotherm) requlate thhir beey ! ertperat.rre o L g
(iii)  Numerous birds and mamgials (homentherm) vary\thein nody! ternpr reture.

For these reasons another |d>$ifluctl(.r hts beet p"ﬂ%e 1ea dependizig on source of heat

produru(,r |
B) AccordiiintoSourie )t Hat 3|%ctron
1) Endothirirs |}
-~ K An inials’ that, oerierate thelr own body heat through heat production as by product during
s | nre ahGhism are called endotherms.
£ x'a:nples
Birds, some fishes, some flying insects and mammals.
2) Ectotherms
Animals, which produce metabolic heat at low level and mostly absorb heat from
surrounding are called ectotherms.
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Examples
Most invertebrates, fish, amphibians and reptiles.
3) Heterotherms ; 14

Animals with varying degrees of endotherrsic heat produciior: and. e regiiatina. er-tiday
temperature (within a narrow range } are caIWeL |c'l°r')t| ETITS. '

Examples
Bats and hl-mmlng ird etc.

QUEST I§ ILL@‘&

Discuss e tern ﬁrat. re classification of anlmals

m‘iﬂ%.“;wa ANGE BETWEEN ANIMALS AND ENVIRONMENT
Al -1 als usé divferent mechanisms for heat regulation. These are of structural, physiological

L | énd Hersavioral nature.

1) Structural Adaptations

)] Sub-dermal fatty layer for insulation or pelage.

i) Presence of sweat glands.

iii) Lungs modified for panting.

2) Physiological Adaptations

1) Regulation of blood flow to skin. Blood flow to skin increases in warmth to dissipate heat
and decreases in cold to economize heat loss.

i) Activation of certain muscles causing plumage fluffing.

iii)  Activation of sweat glands for evaporative cooling.

3) Behavioral Adaptations

1) Some animals move to an environment where heat exchange is minimal e.g.
e Squirrels move to burrows in mid-day heat
e Lizards bask in sun to gain heat
i) Animals control surface area for heat exchange by adjusting their postures.
15.6.3 Thermoregulation in Mammals (Human)
Regulatory Strategies
Mammals including humans maintain their body temperature within a narrow range of
about 36-38°C because of their endothermic characteristics.
Endothermic mechanisms provide heat round the clock and regulate rate of metabolic

heat production, balancing it with the rate at which they gain or lose heat from tha. {7~ (
surroundings. ey (1 })
Mechanisms Involved in Heat Production o AT WY (G
Three mechanisms are impgoitant ir: hwat ,nude‘ ion | ' o
i) Shivering Thermogenesis| .

Rate of heat Odl"‘tl()n I8, iNC; ea\sm b/ r*meased muscle contraction by movements or
shlvermq, 30 cauled shi /erlrg‘: iermogenesis.
i) i NSn- shlvenmn Triermogenesis

Sy srhysoid hormones trigger metabolism and heat production. This is called non-shivering

thermogenesis.

iii) Brown Fat
Some mammals have brown fat, which is specialized for rapid heat production.
Mechanism of Thermoregulation
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In mammals, skin is considered as main thermoregulatory organ.
Mechanism of thermoregulation in cold and warm temperature are described below

1) In Cold Temperature
Mammals have various mechanisms that reculate heat pvr.ldﬂue wilth/ tmr ervirarTisins
Vasodilation and vasoconstriction ffect 'ea’ ,>\,han]n anc rhay cont. ibute 1 regional
temperature differences wititiin an arimai. b

On a cool day

. Humars™ {gn:peratize may 'be-set veral | aoglveq JOWeT in the arms and legs than in trunk,
where racsi vital gignds ‘are sitlateds, '

o Most lana; mair; mil rasnond-io cold by raising their furs thereby trapping the thicker
layer of . itill 'ail 4nc! itacts as good insulator between animal skin and the surroundings.

Hurnarnwestly rely on a layer of fat just insulating beneath the skin as insulating material

i &yainst heat loss.

0 Marine mammals such as whales and seals inhabit much colder water than their body
temperature, have a very thick layer of insulating fat called as blubber just under skin.

2) In Warm Temperature

o Marine mammals dispose off their excess heat into warm seas by large number of blood
vessels in the outer layer of the skin.

o Terrestrial mammals have mechanism of evaporative cooling. The sweat gland activity
and the evaporative cooling is one of the major temperature reducing strategy.

o Panting, evaporative cooling in respiratory tract, is another mechanism as represented in
dogs.

o Bats use saliva and urine for evaporative cooling.
Describe thermoregulation in mammals. (LHR 2017)
Describe the mechanism of thermoregulation in mammals. (GRW 2018)
Describe thermoregulatory strategies in mammals including human in cold
temperature. (SWL 2021)
Describe thermoregulatory strategies in mammals including human in cold
temperature. (Exercise Question v)

15.6.4 Thermostat Function and Feedback Control in Human

The body temperature regulation in humans is based on complex homeostatic systems
facilitated by feedback mechanisms.

Homeostatic thermostat is present in hypothalamus.
Hypothalamus responds to changes in temperature above and below a set point which is 37°C.

Control Mechanism in Increased Temperature

In case of increase in temperature above the set point, following events ocear . )
Warm temperature sensitive thermoreceptors in skin, hypothalﬂmns *md “other Hrtt of
nervous system are activated. ST I i .
They send signals to system.. - \ P

There becomes increase in\blnod-#iw to skim 1) radlcte h'—*a

There becsines sweat grana agtivation andisvrect is ey tworated for tne cooling.

Control Meclharisn i Dncr-c Sed Trm |au.

RTIR

In cold tempe.a*u.e ,
Colz re(,eptors arelaG nvatca and they send impulses to hypothalamus to inhibit heat loss

inadtanism’ 'and ‘dctivate heat conservation mechanisms.

a1 ek 1s constriction of superficial blood vessels.
There is stimulation of shivering and non-shivering mechanisms of heat production.
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Skin blood vessels |
become flushed witn |<_—, | [/

rrma?os!'pm oo O O
i~ o‘dn surisce | x\ | N

1

Sm: gland:loc:livatovc‘ih ioh ature l.c'::...:
secrete perspiration c

i vaportzed by body heat, Gecknes and hYBes
helping to cool the body thalamus heat mU

center “shuts off"

heat-lou
center in
hypothalamus

Blood warmer
than hypothalamic

set point
/[,,6
sti Loncy :
mulus: Stimulus:
Increased body Decreased body

temperature temperature (e.g.,
(e.g., when :l%";i‘r’i'fﬂ?ls(s%°"3‘a' 37 ) due to cold
exercising or the environmental
climate is hot) In, temperatures)
l;a/‘,,:’c9
= Blood cooler than
Il hypothalamic
' set point
} Skin blood vessels constrict:
| blood lskcilverzodfmm skin ()fl’(‘\'? =
| Body - capillaries and withdrawn to . =N
ature {,,'L",;?:‘,,, deeper lissues: minimizes k//:\;\._. .
blood temperature overall heat loss #( {7 VRV,
rises and hala- |3 W\ ~

mus but-promoﬂng
center “shuts off” '\

from skin ‘
:‘V NS
Activates heat- -

activated when more | |

heatiiust be 9on£ ted; \ .- ~
Ls‘ﬁ“.‘wdmkmgr .a\ ~\ =
ik T K
Fig. 15. 14 t‘ne rr'armnstﬂt "ur.r‘tﬁon o'f tl’-e Iy pothalamus and feedback control mechanisms in human

AT thermoregulation.

blood cells produce chemicals called as pyrogens. Pyrogens dlsplace the set point of
hypothalamus above the normal point of 37°C. Fever or high temperature helps in
stimulating the protective mechanisms against the pathogens.
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Anhydrobiosis and Hydrobiosis:-
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KEY POINTS

Feedback mechanism:

It is a type of interaction in which a controlling mechanism is-itselt“cartrolled by ‘e
products of reactions it is controlling. li% case. of Tiegativie ft-,'-vaua sk raechhnisin; the
function of the target orgeiis\is inhikited:"while iry case nf 'ncgsitive; feedback mechanism,
the functioning of the target orgar i¢; p: um')ted ' '

Interstitial fliric:-

The fluid D esent hetwieen the celis Is called interstitial fluid. It is directly derived from
tiia pjood.

(Conceritfar ol gtadlent -

The difference of concentration between two points in such a way that one point has
higher concentration then the other point.

Keratinized cells:-

The cells composed horny substance keratin is called keratinized cells. Keratin is a type
of protein. It is present in the outer layer of skin, nail and hairs.

Epithelial tissues:-

The tissues in which spaces between the cells are absent and the cells are arranged
compactly are called epithelial cells. The usually forms the lining or organs or outer
membrane of the skin.

Connective tissue:-

The tissue in which space between the cells are present are called connective tissue. The
cells are suspended in a matrix. In this case, cells are suspended in a matrix, e.g. blood.

Prothrombin:-

It is protein present in blood used for the clotting of blood.

Countercurrent mechanism:-

The opposite flow of adjacent fluid that maximize transfer rate is called counter current
multiplier. The descending limb of the loop of Henle losses water from the filtrate as it
moves downward. So the osmotic concentration of the filtrate increases downward in the
descending limb. It becomes maximum at the tip of loop of Henle. But the ascending
limb of loop of Henle loses sodium from bottom to top It _rﬂcjuces ,*_he @s.".)*ic-
concentration of filtrate at top of ascending limb. I PR
This indicates the osmotic conceniraf ion s, ir.creasi: 1g n Ue‘ cewng mwh bl mcreasmg
ascending limb. This oppogite \||d1(‘el"‘|c7’]t mq\qnm the! r=atscrpt|on of water in
nephrop-.| |'1€i Ce Cconceiu ated wrine 15 prodeced.

Bony fishes liv5n nie rifie, watsr) uis Lh\ﬂ still Tuss water.

The anckstor ofthe n_o__dy filtigs are fresh water fishes. The fresh water fishes always loss

3 _\Iv-ét,a as extraxvaier enters into their body. Similarly, the marine bony fishes also excrete

water. In order to compensate this loss water they drink water. They remove concentrated
urine. So this urine remove extra salts.

The capability of tolerating dehydration in terrestrial environment is anyhydrobiosis
whereas the origin and maintenance of life in fluid media is called hydrobiosis.

25



Chapter—lS

Homeostasis

Q1

Fill In The Blanks.

1) is the ability of an
organism to regulate s fluid
contents. '

i) The detayification-gi ammenia_ to |

ALY reguiies the
precurSL r o1 oipithine '

iii) o~ I, | <idiey; _ner\’ ron is closely

J Ak aq8oqidteu  with network  of
[

1v) In insects salt and water reabsorption
takes place in the

V) The antidiuretic hormone acts on

to promote
reabsorption of water in vertebrate
nephron.

vi) The nephrons arranged along the
border of cortex and medulla, with
tubular system looping deep in the
inner medulla, are called

nephrons.

vii)  The non-surgical procedure of
removing kidney stone is termed as

viii) is the homeostatic
thermostat in human.

Ans
i) Osmoregulation
ii) Urea
iii) Capillaries
iv) Rectum
v) Collecting tubule
vi) Juxtamedullary
vii) Lithotripsy
viii) Hypothalamus \ L

Q2 Encircle The Correct! Ariswer |

From The Myitji:le\Choices. ., ' VoA L

i) The protection( bf| an! \inferni-

S dldtatioris) “of

environment ° ’rrom tne Harms of
external
_érm;'o.ument is the definition of
which of the following?

(a) Osmoregulation

(b) Excretion

(c) Thermoregulation

(d) Homeostasis

i)

| ii)

vi)

vii)

i)

| ingéstedinto'the busy

EXERCISE |

The categsiy, of tfic elarts that aas
adeptations, of [small  gne~thick
‘eaves| o | limit' wdier loss are
calied:

{a) Hydrophytes (b) Xerophytes

(c) Mesophytes  (d) Halophytes
The environment where the
animals produce large volumes of
diluted urine:

(a) Hypotonic aquatic

(b) Isotonic aquatic

(c) Hypertonic aquatic

(d) Terrestrial

Which of the following are called
as excretophore i.e. contributing
mainly in the elimination of wastes

in plants?
(a) Stem (b) Roots
(c) Leaves (d) Flowers

The excretory product that
requires minimum water for its
elimination compared to others:

(a) Urea (b) Uric acid

(c) Creatinine (d) Ammonia

The group of animals whose
excretory system is structurally
associated with nutritive tract:

(a) Vertebrates (b) Earthworm

(c) Planaria  (d) Insects

The excretory structures that
deliver urine from Kidney to
urinary bladder:

(@) Urethra  (b) Pekvis

(c) Ureter —. (f1)Eo n-actJng Lbu e
This metaoor war,u,s tiiet—are
“and must be

terhoved!

(& Pesticides

(b) Drugs

(c) Food additives

(d) All of the above

Which of the following
endotherm?

(a) Bird

(b) Amphibian

(c) Flying insects

(d) Mammals

IS not
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X)

Q3
)

Ans.

Name the adaptations from the

following that

is responsible for

shivering thermogenesis:

(a) Structural

(b) Physiological
(c) Behavioural
(d) None ¢ithese
Answer '*“%L

Short Questions
Differentiate

osmoconformers
osmoregulators.

These animals do
not require actively
to adjust their
internal

environment and
are isotonic to
external

environment  are
called

osmoconformers.

between

and

Animals whose
body fluid

concentration
differ with outside
environment and
actively  regulate
to discharge
excess of water in
hypotonic and
excrete salts in
hypertonic
environment.

These animals live
in isotonic
environment.
Marine™ ==, |
inverfebiates, hag !

X 1I"J 0

These animals live
in hypotonic sf
-

hypertoni"‘
envizannen!

A T R [ .-___ —_—

\Banl || Fsﬁﬁ

iRri agril] animals,
| cartllaglnous fish.

Ans,

i)

Ans,

AnSs.

Ans.

Define with an

example. . .
Deflnltlon Telrestrigh dmrra%s can

tolerate-denydration and. il itiers in
varigug, gnimals.| This characteristic
is-known as anhydrobiosis.
Example: Desert animals.

Why does filtration take place only
at glomerular part of nephron and
nowhere else?

Filtration at glomerular level occurs

due to two reasons:

anhydrobiosis

e Walls of glomerulus are porous,
S0 substances can easily pass
through it.

e High blood pressure develops at
glomerulus that is known as
filtration pressure.

Mention two metabolic altered states
that generally (70%) cause kidney
stone formation.

e High blood oxalate level due to
increased intake of oxalate
leading to hyperoxaluria.

e Higher blood oxalate level due to
increased production of oxalate

What is renal failuxe?—,
When kidrey:, |C Uﬁm"- tQ fnter Lres

(aue t_) 1ntre.ase Llaama Iwer) and

\ f::itr-oqeﬁc*.J.Q W«ls'r_.és, this condition is
—<Cailed

renal failure. This occurs
particularly due to destruction of

glomerular part of nephron.
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vi)

Ans.

Q4
D)

Ans
i)
Ans
iii)
Ans
iv)

Account one main adaptation in
plants to high and low
temperature.

e In order to avoid effests, of high

tempersture, they, | / have |

evaparative coeling.

e In order to lavoid effecis—of low

s lemneretaie, they change solute
concentration of cells, so that
cytosol becomes super cool
without ice crystal formation.

Extensive Question
Discuss nature of excretory
products in animals to various
habitats, specifically in association
of water availability.

(See article 15.3.3)

Account the excretory system in
earthworm.

(See article 15.4.3)

Highlight the role of liver as an
excretory organ.

(See article 15.5.2)

Draw a labeled diagram of a
vertebrate nephron with all blood
supply. State the function of each
part.

(See article 15.5.3, see fig 15.12)
Describe thermoregulatory strategies
in mammals including human in
cold temperature.
(See article 15.6.3)

Discuss excretion in plants., _J

(See article 15.3.1)

Discuss-, 50ine  kidrmey, ‘problims ||
with their oures. ~ () L T _

(See articla15,5.6) | | | |\
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